
Department of Radiology
University of Michigan

Dosimetry Needs and Methods for SRT: Lu-177

Yuni Dewaraja

University of California, Davis; University of Iowa 

NCI Workshop on Dosimetry of Systemic Radiopharmaceutical Therapy (SRT) Rockville, MD, April 19-20, 2018



Disclosures

• Yuni Dewaraja is a consultant for MIM Software, Inc.



Lu-177 Imaging/Dosimetry

• Used in targeted radionuclide therapies

– PRRT for NETs (Lu-177 DOTATATE)

– Lu-177 PSMA for metastatic prostate cancer

– RIT for NHL (177Lu-Lilotomab Satetraxetan)  

• b-emitter: Eave=147 kev; Emax= 498 keV; mean tissue 
penetration=0.7 mm, max = 1.5 mm; T1/2=6.7 d

– More suitable for irradiating small tumor with less damage to 
normal tissue compared with Y-90

– Gamm-ray emissions suitable for single-photon imaging



Decay Scheme

• Two low intensity g rays

– 208.4 (10.36%),112.9 keV(6.17%) 

• Typically not used for pre-
therapy tracer imaging

• Produced by neutron activation 
by 176Lu(n,g)177Lu reaction. 

– Long lived isomer 177mLu < 0.05% 
at a reference time of 
production

Katarina Sjögreen Gleisner et al. J Nucl Med 2015;56:976-984



Quantitative Lu-177 SPECT/CT for Dosimetry



MIRD 26: Guidelines for SPECT

• Medium Energy Collimator, 208 keV photopeak window

Ljungberg et al, MIRD 26, JNM 2016

0.0

0.4

0.8

1.2

1.6

2.0

0 100 200 300 400

Energy (keV)

LEAP

Total

Primary

0.0

0.1

0.2

0.3

0.4

0.5

0 100 200 300 400

Energy (keV)

ME

Total

Primary

LE, 113 keV ME, 113 keV

LE, 208 keV ME, 208 keV



Scatter correction

• Triple Energy Window • Monte Carlo based 
reconstruction

– Improved recovery 

Use 3 windows when there is
downscatter from higher peak
Trapezoidal estimate of scatter 

Don’t need upper window 
when no downscatter
Triangular estimate of scatter 
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Long-term retention of Lu-177/Lu-177m

• Validity of extrapolating  the 0 –
7 day time-activity fitted 
function to infinity 

• 7 patients imaged at 5 – 7 weeks

– Well visualized tumor uptake

– Kidney uptake in 1 case

– AD to WB and tumor 5 - 6% 
higher if later point is included

– Tumor retension of Lu-177

– Contribution from impurity Lu-
177m negligible

Katarina Sjögreen Gleisner et al. J Nucl Med 2015;56:976-984



Quantitative Lu-177

• xSPECT Calibration • ‘Manual’ Calibration



Commercially available tools: XSPECT Quant

Courtesy of Johannes Zeintl, Siemens Healthineers

Dosimetry Research Tool



Quantitative Lu-177 SPECT/CT Evaluation

• Evaluation for Lu-177

With PVC, accuracy of activity in 
sphere, ellipsoid, cortex



Commercially available software: GE Dosimetry Toolkit 

• Analysis using GE  Dosimetry 
Toolkit coupled with OLINDA
• Quantification, registration, 

segmentation, time-activity fit
• Compared Multi SPECT/CT, WB 

only and hybrid WB -SPECT/CT

Absorbed dose per admin. activity
(Gy per GBq)

Multi 
SPECT/CT

Hybrid Planar

Lesions 2.58 ± 1.47 3.09 ± 2.16 5.32 ± 6.26 

Kidney 0.48 ± 0.18 0.59 ± 0.30 0.76 ± 0.43 



SPECT/CT based dosimetry in Lu-177 Lilotomab RIT of NHL 

• 8 patients, SPECT/CT at 24, 96, 168 h

– Tumor dosimetry using OLINDA sphere model

– Imaging (lumbar vertebrae) based bone marrow dosimetry

• Median tumor absorbed dose 264 cGy (range 75 – 794 cGy)

• Red marrow dose 57 to 208 cGy

– Statistically significant dose–toxicity (not with blood-based calc.)

Blakkisrud et al, JNM 2017 ;48-54  and 55-61



Why patient specific dosimetry? Trial at Lund  University

• Treatment based on renal dosimetry

• 51 patients with NET

• Purpose was to give as many standard (7.4 GBq) cycles keeping 
kidney BED < 27 Gy

• Detailed dosimetry using hybrid planar/SPECT approach



Lu-177 DOTATATE trial at Lund Univ.: Hybrid Planar/SPECT

Time post injection (h)

Courtesy of Michael Ljungberg, Lund University Sweden

0.5 h.                  Day 1                 Day 4                  Day 7

Co-registered whole-body images

Dose Rate Image from SPECT/CT



Why Patient Specific Dosimetry? Lund  Univ. Trial

• Treatment based on renal 
dosimetry 

– Considerable variation in 
number of cycles. 

– Median 5 cycles, range 3 – 7

– No Grade 3-4 toxicity

– Absorbed dose/cycle varied 
between patients and 
between cycles for the 
same patient  

• Highlights the value of 
individualized dosimetry 



Why patient specific dosimetry?

500 • patients: SPECT/CT and WB 
imaging at 1,4,7 d after cycle 1. 
Assumed same AD from all cycles

Considerable variation in AD, BED •
AD 4.4 (1.7–9.8), 4.2 Gy (1.1–9.8) 
BED 4.7(1.7-11.6), 4.4Gy (1.0-11.8) 
for R & L kidney

• With BED limit of 38 Gy to 
kidney and AD limit of 2 Gy to 
marrow 95% could get > 4 
cycles with only 0.5% reaching 
limit at 3 cycles.
–

Maximum tolerable cycles



Why Patient Specific Dosimetry? Tumor dose-response

• 24 lesions (> 2.2 cm)

• Sequential SPECT/CT at 24, 
96, 168 h after some cycles (2

• PVC, no SC, OLINDA AD 
calculation (self-dose)



Simplification of procedure: single time point dosimetry

• Sing

• Presented the theory to show 
that dose can be estimated 
within reasonable accuracy 
from a single measurement 
post-administration 

Time integral ~ u(rs,t1) * 2 *t1/ln(2)

• Planar imaging of 29 patients 
at 4, 24, 38 and 96 h with 
mono and bi-exponential fits

• Deviations of the approx. from 
the ‘true’ time integral for t1

=24, 48, 72, 96, 120, 144 h

Single meas. at t1



Simplification of procedure: ignore cross dose?

• How important is cross dose 
for Lu-177?

– Betas have short path length, 
gammas have low intensity

• 500 patients with NETs treated 
with Lu-177 DOTATATE

– Kidney self dose from 
SPECT/CT at 1, 4, 7 d.  

– Cross dose from WB imaging 
and OLINDA dose factors

• Kidney self-dose 4.2 Gy(1.0–
9.8),cross-dose 0.1Gy(0.0–0.5)

• Important for tumor?

– Simulation study showed 
minimal differences between 
MC and local energy absorption 

cross-dose 
<  10% in 
97% of  patients 

Sandström M, et al. Acta Oncol. 2018 Apr;57(4):516-521. Ljungberg M et al, Acta Oncologica, 2011; 50: 981–989 



Simplification of procedure: AD vs. BED ?

• BED was calculated as

– Di is absorbed dose for cycle i

– a/b = 2.6 Gy and trep = 2.8 h

• Results should be considered 
as approximations

– a/b not specific to kidney and 
PRRT

500 • patients:BED only slightly 
higher than AD. Difference 
increases with absorbed dose

But  • …

Sandström M, et al. Acta Oncol. 2018 Apr;57(4):516-521.



Simplifications?

• ‘The use of a refined absorbed dose methodology led to the 
finding of a clear kidney dose–response relationship in patients 
treated with 90 Y-DOTATOC. Our data provide evidence that 
patient-specific anatomy and dose-rate effects cannot be 
neglected. The BED model appears to be a reliable predictor of 
toxicity and could thus be helpful in implementation of 
individual treatment planning’



Thank You

yuni@umich.edu


